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Vaccine hesitancy (WHO)

• Top ten health threats to the world in 2019

• « Delay in acceptance or refusal of vaccines despite the availability of 
vaccination service »





Perceived safety of vaccines by level of Trust in Scientists
Index among countries of different income levels

Piot et al et Nature 2019



Perceived safety of vaccines by level of trust
in doctors and nurses and by region

People with a high trust in doctors or 
nurses are very likely to say vaccines are 
safe.



Recommandations of the SAGE working group 
on vaccine hesistancy
To WHO:
b) Engage partners, including civil society organizations, at the global, 
regional and country levels, to mobilize in support of immunization, its 
benefits to individuals and for communities. 

To member states :
d) Ensure education on vaccination and immunization in general, and 
addressing vaccine hesitant patients in particular, by inclusion relevant 
training into academic curricula of nursing, medical and other health care 
professional students. 
e) Ensuring education and knowledge about vaccines in younger individuals 
provides a good opportunity to further shape future vaccine beliefs and 
behaviour. 

SAGE Report 2014
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Economic analyses of vaccine policies

Cost-effectiveness analysis :

• Most widely used tool for economic evaluation of vaccination

• Measured in Quality-adjusted life years (QALYs)

• Allows prioritization of health interventions

Benefit-cost analysis:

• Quantify the cost of an intervention and the monetary benefits

• Value of health in facilitating non-health aspects

Bloom Sci. Transl. Med 2018
Miller & Gessner Vaccines 7th edition



Cost effectiveness analysis
Intervention Median cost/QALY (US$)

Vaccination 1500

Pharmaceuticals for aymptomatic
persons (e.g. hormone replacement)

13000

Screening test for CV diseases 3300

Screening test for neoplasms 18500

Miller & Gessner Vaccine 7th edition



Link between health and economic output 

Quilici J Market Access & Health Policy 2015



A broader perspective for economic evaluations of vaccination

Perspective Benefit categories Definition

Narrow Health gains Reduction in morbidity & mortality

Healthcare cost savings Savings of medical expenditure

Care-related productivity gains Saving of patient’s and caretaker’s
productive time 

Barninghausen CMI 2012



A broader perspective for economic evaluations of vaccination

Perspective Benefit categories Definition

Narrow Health gains Reduction in morbidity & mortality

Healthcare cost savings Savings of medical expenditure

Care-related productivity gains Saving of patient’s and caretaker’s
productive time 

Broad Outcome-related productivity gains Increased productivity because
vaccination improve physical & 
mental health

Behaviour-related productivity gains Better health and survival changes 
individual behaviour (lower fertility, 
investment in education)

Externalities Improved outcome in unvaccinated
community members (herd effect, 
decrease antibiotic resistance)

Barninghausen CMI 2012



Broad view of vaccine benefits : PCV

Bärnighausen et al PNAS 2014
Weiser Nat Rev Microbiol 2018



Broad view of vaccine benefits : Dengue

Bärnighausen et al PNAS 2014
CDC Map
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• 73 countries that received GAVI support since 2001

• Health and Economic impact of vaccination against 10 VPD
• Routine immunizations (Hib, HBV, HPV, Rotavirus, S. pneumoniae)
• Supplementary immunizations (JEV, measles, N. meningitis, rubella & YF)

• Decision tree models to capture short and long term averted costs of illness

• Five categories of costs
1. Averted treatment costs
2. Averted transportation costs for seeking care
3. Averted reduction in caregivers’ economic output
4. Averted loss of productivity due to premature death
5. Averted loss of survivors’productivity due to disability

Bull World Health Organ 2017





2001-2020 :
• 20 millions deaths
• Cost of illness : 350 billions US$
• Lifelong productivity gains for death & disability : 330 billions US$ and 9 

billions US$
• Broader economic value : 820 billion US$
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• 4.261.494 birth cohort followed until death

• Direct costs
• Medical (treatment of diseases & sequelae)
• Non medical (travel costs, special needs for 

disabled children)

• Societal costs
• Direct (outbreak control)
• Indirect (productivity loss)

• Vaccine adverse effects
-Example : HBV : 1/106 children with anaphylaxis



• Decision tree for each pathogen





~20 milions cases of diseases prevented
42.032 deaths prevented

Direct costs saved : 20 267 millions $ ; Societal costs saved : 76 360 millions $





US :

• Investment of $35 billion (1955 net present value) in polio vaccine 
between 1955-2005

• Investment of $1.4 billion between 2006-2015

• Prevention of
• 1.1 million cases of paralytic polio

• 160.000 deaths

• Treatment cost savings : benefits of $180 billion (1955 net present
value) after substraction of the vaccine costs



The fiscal consequences of Adult
immunisation in The Netherlands
• Vaccination of adults > 50 years for 7 VPD :

• Streptococcus pneumoniae, TT, DT, Pertussis, annual influenza, HZV

• Model takes into account
• Transfers to Government (income tax, VAT,  social insurance)

• Transfers from Governement (social services, pension, healthcare expenses)

• Retirement at 67 years

• Comparison of vaccinated & non vaccinated cohorts

SAATI report 2013



The fiscal consequences of Adult
immunisation in The Netherlands

• Cost for vaccinating a cohort of individuals in 2012 + annual influenza: 
136 millions euros

SAATI report 2013
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HPV vaccination & women health
• HPV vaccine prevent 90% of cervical 

cancer cases

• Majority of HPV cancer occurs in 
developing countries

• HPV incidence and mortality highest 
when the women are economically 
active 

• HPV impacts household behaviours

Barnighausen CMI 2012



• 120 new diagnosis of cervical cancer

• 45% reduction of work hours

• 28% work interruption

• 39% loss of family income

• 37% reduction in daily amount of food consumed

• 43% delays in paying essential services

• 38% sale of property 

• 28% children missed regularly school



Rubella infection in pregnancy

• Rubella vaccine safe & highly immunogenic
• One dose >90% protection

• Rubella infection in pregnancy :
• Miscarriage 

• Stillbirth

• Congenital Rubella syndrome : deafness, heart disease, cataract



Highest numbers of cases predicted in 

• Africa (39,000, 95% CI: 18,000–80,000)

• SE Asia (49,000, 95% CI: 11,000–97,000). 

In 2010, 105,000 (95% CI: 54,000–158,000) CRS cases were estimated globally, compared to 
119,000 (95% CI: 72,000–169,000) in 1996.





Other potential vaccine-preventable cause of 
congenital malformation
Human Cytomegalovirus infection Zika virus infection

Estimation of the costs of microcephaly (direct & 
indirect) : 3 billions -28.9 billions $

Congenital ZVI 
• exacerbates poverty & inequities
• Increase gender inequality

UNDP Report 2017
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Time between deployment of an intervention and the first documented failure in humans due to 
resistance (marked with “x”s). 

David A. Kennedy, and Andrew F. Read PNAS 
2018;115:51:12878-12886

©2018 by National Academy of Sciences



Mechanisms of vaccine impact on AMR

1) Reduce or eliminate the risk of infection due to antibiotic-resistant
strains

2) Reduce antibiotic consumption associated with VPD

3) Decrease colonisation

4) Reduce the rate of febrile illness
1) Prevent inapproriate use of antibiotic

2) Decrease the risk of secondary infections



US trends in invasive non-penicillin susceptible 
pneumococcal disease 2005-2013

Klugman & Black PNAS 2018



Days on antibiotics for suspected pneumonia, averted by 
provision of pneumococcal conjugate vaccine (PCV)

Estimation based on universal
PCV availability worldwide

47% reduction in the amount of 
antibiotics used for S. 
pneumoniae pneumonia
(children < 5 years)

Laxminarayan Lancet 2015



• 12-20 millions cases annually

• Rise of XDR-strains (Pakistan)

• Antimicrobials for suspected typhoid fever : >50 millions prescriptions/year



Influenza vaccine & antibiotic use

Turkey Children Decreased numbers of acute otitis
media & otitis media with effusions 
in vaccine recipient

Italy Children 13.2% fewer antibiotic
prescriptions 6-mo
54.8% fewer otitis media episodes

Europe RCT, 6-36 mo children
Five seasons

50% fewer antibiotic prescription
47% fewer confirmed influenza 
infection

Canada Population 64% fewer antibiotic prescription

UK Children (LAIV) 14.5% fewer amoxicillin
prescription during influenza 
season

Klugman & Black PNAS 2018



Other vaccine with potential to decrease antibiotic consumption

Mechanisms

Group B Strep Maternal intra partum
prophylaxis
Neonatal sepsis

Phase III (GBS6)

E. Coli neonatal sepsis Direct AB consumption

RSV Pneumonia is frequent
complication in both
infants & elderly

Phase III (maternal & 
elderly)

Dengue Frequent administration 
of antibiotics in 
hospitalized children (50-
60%)

Dengvaxia





Conclusions
• Vaccination is one of the most cost-effective health intervention

• Vaccination is a long-life Investment and has impact on generations
• Education

• Labour force

• Macro economics parameters

• Vaccination prevents costly outbreaks

• Vaccination is a tool to limit gender inequalities

• Vaccination contributes to limit the health & economical impact of AMR
• Decreasing the risk of infection with resistant pathogen

• Indirectly by decreasing antibiotic consumption



Ivaccinate.org


